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From 1993 to 1999, in Lake Baikal, the oldest lake in the world, which is said to have a 
history of approximate 30 million years, undisturbed sediment samples (cores) were collected 
in five points, including the core of maximum 600m long. In northeastern area of Eurasian 
continent, environmental changes in the past 12 million years were analyzed with these 
samples.  The climate in the past 12 million years of this area became colder.  This change 
in a climate in the background, the relations with the environmental changes and the changes 
in the biota were examined, concerning topographical features, vertical distribution of 
inorganic elements, a bio-marker (biogenic compound), land vegetation, organisms in the lake, 
and so on.  And, future remarkable research tasks were discussed based on the result so far 
in Lake Baikal. 
 






The present is a passage point from the past to the future.  Though a future is not a 
simple repetition of the past, what will happen in the future must be under the natural law 
similarly applicable to having happened in the past.   
The lake bottom is the almost only precious medium that provides with continuous 
records of environmental changes on land accurately.  That is because, the lack of time is 
caused on land since the surface of the soil is always scraped due to not only the 
sedimentation but also the erosion, and the order of time is changed since the outflow soil 
from the old sediment layer accumulates on the new sediment layer.  In that point, since the 
lake bottom is covered with water, it is never scraped by erosion unless the lake bottom comes 
out by lowering of water level.  The number of examples is limited which the sediment layer 
at the lake bottom formed in this way exceeds a million years history.  It is because a lake is 
filled up by the earth and sand flowing from the basin in many cases nearly for a period from 
thousands to hundred thousands years and it becomes level ground after marshland.  There is 
a condition that the lake with more than a million year history is not filled up with the earth 
and sand flowed.  That is because there are some movements in the lake itself, for example, 
the volume of the lake increases beyond the amount of flowed soil and stones, and the change 
of the location of the lake disturbs the lake to be filled with the accumulation of soil and 
stones, so on.  The movement is, however, usually so subtle, only about a few centimeters or 
below for a year, that it is not perceived as an environmental change by organisms living in, 
which have a shorter life. 
We collect un-disturbed core samples of the bottom sediment in Lake Baikal, the oldest 
lake in the world, and with these cores as samples, we reproduce the changes of the climate 
and environment of Baikal area, and we continue the research to investigate the cause and 
mechanism which created environmental changes observed here.  It was confirmed that the 
periodical climate changes with period of more ten thousand years had good consistency with 
the results of the ocean bottom cores.  And, it became clear that the lake bottom sediment 
layer of Lake Baikal was recording environmental changes of the earth accurately.  The 
changes in the measurement value which corresponds to each of the main global incident 
were observed, too.  On the other hand, as for the forms of the changes and the short period 
changes, unique, interesting results were obtained which reflects the land area condition 
belonged to the lake and the environment of the circumference.  Specially, as for the new 
possibility to investigate correspondences to environmental changes of the biota and that 
limitation, the independent standpoint is being established which overwhelms a limit of the 
research conducted by using the ice core and the ocean bottom core which have produced 
many brilliant results so far. 
 
 
II. The History of the Lake and the Evolution of the Basin 
 
Lake Baikal (Figure 1) is the oldest lake in the world, which is said to have a history of 
approximate 30 million years.  Lake Baikal is a rift lake formed in such way as the central 
ridge of the ocean floor is formed on land.  Lake Tanganyika in Africa (the world second 
oldest lake) and others as well are rift lakes with the same mechanism.  Following collision 
of the Indian Subcontinent with the Eurasian Continent about 40 million years ago, the 
Himalayan mountains and Tibetan plateau were formed, meanwhile, the boundary of the 
Eurasian plate and the Amur plate rifted as a result of stretch in deep Siberia area.  
Considering this passive rifting, the beginning of Lake Baikal is in the same period as the 
formation of the Japanese islands, which began about 32 million years ago.1)   
The location of Lake Baikal was settled by about 70 million years ago, and the western 
Prebaikalye area and the eastern Thebaikalye area were separated with a fault by 35 million 
years ago.  (the beginning of formation of Lake Baikal)  After this, the rift system began to 
move, and lakes with faults and with the depth of more than 100m were formed in large 
numbers.  An active fault differentiates in the west side of the lake around from 11 million 
years to 3.4 million years ago, and an old basin deepened.  The Academician Terrace 
becomes a land barrier and divides the Southern Basin from the Northern Basin.  From 3.5 
million years to 4 hundred thousand years ago the Academician Terrace went under water, and 
Lake Baikal became its present form.  The Manzurka outflow, which flowed into the Lena 
River, became extinct by uplifts of coastal faults.  Olkhon Island was formed.  From four 
hundred thousand years to a hundred thousand years ago, an old basin became its present 
form, and the lake deepened and expanded with uplifts of the circumference.  It became 
higher than a snow line, and an area valley and a U-shaped valley (Figure 2) were formed in 
the uplifted mountainous district.  The above is the outline of the old geographical map1), 2) 
by Mats. 
The old geographical map by Mats was needed to be modified in conducting the research 
by this drilling project.  That is to say, the discontinuous surface of the sediment layer, which 
proves that “the Academician Terrace becomes a land barrier and divides the Southern Basin 
from the Northern Basin from 11 million years to 3.4 million years ago” was not found in the 
core (BDP-98) collected in 1998.  Though this core with the length of 600m dates back to 12 
million years ago, the sediment layer is in chronological sequence and has no traces of erosion 
(the discontinuous layers) by its becoming land.  On the other hand, the core, at the depth 
exactly corresponding to this period, included the layer accumulated six-seven times as fast as 
in the top and bottom of the core. This is considered to be the proof that the uplifts existed, at 
least, in a part of Academician Ridge, as Mats estimated.  In all cases, the fact that the 
Northern and the Southern Basin were not divided by the land barrier in this period is 
important as it relates to the existence of the independent evolution caused by the various 
organisms’ spatial isolation. 
On the other hand, the detailed analysis of the time of geographical phenomenon made 
progress.  Considering from the measurement value of the inorganic elements in BDP-93 
Core collected in Buguldeyka, “Manzurka River became extinct by uplifts caused by coastal 
faults” and the water level of Lake Baikal, which lost an outflow, began to rise up about two 
hundred thousand years ago, and soon the water level slowly lowered as the Irkutsk River 
became an outlet and deepened valley.  After a short while, it was suggested that the Angara 
River in present became the outflow about 60 thousand years ago as a consequence of the 
cave-in of the lake shore to the south of Listvyansky.3)  The fact that the Angara River became 
an outflow about 60 thousand years ago was estimated from the molecular clock, on the 
grounds that Eulimnogammarus cyaneus, a kind of gammarus in Lake Baikal, have a different 
genetic variation in each side of the boundary of the Angara River.4)  Until then, it was 
roughly estimated around 20 thousand ~ a hundred thousand years ago that the Angara River 
became the outflow.   
The sedimentation of the soil and stones from the inflow is in Lake Baikal as well as in 
other lakes.  The saddle part in Selenga Delta (an alluvial fan) and its front, even stretching 
to Buguldeyka on the opposite side, was formed due to the sedimentation of the soil and 
stones which the Selenga River, supplying about half the volume of inflow water, carried 
from the basin, and the saddle became the boundary of the Southern Basin and the Central 
Basin.  It is said that the thickness of the sediment layer at the lake bottom is approximately 
up to 8 km, and even around the deepest part it is several kilometers and more. (Figure 3)  
Lake Baikal is “growing” lake, with its width and depth expanding after a lapse of 30 million 
years, though it is accumulated by the soil and stones from the basin. 
 
 
III. Climatic Changes 
 
The Lake Baikal area is in the most typical continental climate in the world.  In winter 
and summer, the difference in average temperature of the glacial period and the interglacial 
period is greatest in the world. (Figure 4)  As such climatic change must have been great 
environmental stress for the organisms of this area, it could be the excellent research 
condition to investigate the influence to the biota caused by the environmental changes. 
Though the present Lake Baikal region possesses a rich biota covered with boreal 
coniferous forests (Taiga), the region ranges to the southern Mongolian steppe and further, to 
the Gobi, and it has been cleared that the region historically experienced dry climate many 
times. (Figure 5)  There are three small climatic zones of the southern part, the central part 
and the northern part, in Lake Baikal with the length of 640 km.  In the southern and the 
northern part, annual precipitation is comparatively large around the mountainous region.  It 
amounts to 1000~1200 mm at the top of Sayansky (?)mountain chain in the southern part, and 
more than 1200 mm at the top of Barguzin mountain chain on the east bank of the northern 
part, and 800~1000mm at the top of Baikal mountain chain on the west bank of the northern 
part.  However, as there are no mountains, the central part is in dry climate (in Maloe Mole 
around Olkhoon Island and that south side lakeshore, the annual precipitation amounts to less 
than 200 mm, and even in its circumference, less than 400 mm.).  The precipitation on lake 
surface is 200-300mm, smaller than on land.   In the southern part, it amounts to, relatively 
large, 250-400mm.5)
It became clear that climatic changes in the past 12 million years in Baikal area has been 
generally cooling, judging from the changes in total organic carbon content (TOC) in the 
bottom mud and the result of the pollen analysis.6)7)
12~5 million years ago:  warm and wet than now 
5 million years ago~ the present time:  the woods-desert shift at least 56 times.8)  The 
warm and dry climate appeared until 35 million years ago. 
3.5~ 2.7 million years ago:  Cooling speeded up.  2.9~2.7 million years ago a decrease 
in total organic carbon content was found, which shows that there was comparatively fast and 
significant cooling.  A continent ice sheet came to be formed after 2.7 million years ago, and 
glacial-interglacial cycle began. Then, it was considered to be the prime reason why the 
cooling of the Northern Hemisphere was promoted that an uplift of Himalayan speeded up 
about 3 million years ago and the Isthmus of Panama was formed.   
2.7 million years ago ~ the present time: The continent ice sheet of the Northern 
Hemisphere has come to be formed, and it has been in the period of glacial-interglacial cycle.  
As a cycle of 40,000 years was outstanding until a million years ago, for the last one million 
years, especially after 80 thousand years ago, a cycle of 10,000 years was remarkable.  The 
stadial-interstadial cycle coincides with these cycles in the period about 20,000 years.  It was 
shown that the various periodic changes reflecting global climatic changes were recorded in 
lake bottom sediment layer of Baikal. 
Around a million years ago when the six genus of trees that had adapted to warmer 
climates and its subgenus died out, compared to before and after the era, the content of algae 
is remarkably low for more than 100,000 years. (Grachev, etc., private letter in 1997) 
It is also confirmed that the content9) of the silicon measured chemically decreased.  The 
change in TOC shows that this time is the coldest ever and the temperature in the interglacial 
period did not rise very much.  The causes for speeding up of cooling at this time are under 
study and will be examined in the future.   
The climate has a periodic change repeated regularly as the four seasons.  By getting the 
continuous record for a long time in a span of 1.2 million years from the core collected in 
Lake Baikal, the periodic analysis of the physical measurement was done, such measurement 
as, grain diameter distribution, moisture content, the degree of electricity-conducting, and 
magnetic rate.  As a result, three long-term climatic change cycles (40, 60, one million 
years) newly detected.10)  All these corresponds to the periodic climatic change, which 
accompanies the change of the amount of energy which reaches the earth because of the 
changes of distances with the sun and the earth due to the change in the eccentricity of the 
global orbit.  By the discovery of these three new cycles, as the main cycles of climatic 
change corresponded to the fluctuation cycle of insolation amount with the orbital element of 
the earth (Milankovitch cycle), seven cycles came to be known, namely, 19,000 years, 21,000 
years (the precession movement of rotation shaft), 40,000 years (the change in the inclination 
of the rotation shaft to the orbital side), 100,000 years, 400,000 years, 600,000 years, and one 
million years (the change in the eccentricity of the orbital path.)  However, it was found that 
the change in the eccentricity of the global orbit (the average and the amplitude as well) is so 
small that the influence on the change in the insolation amount is subtle globally as a whole.  
Therefore, it is very interesting that the cycles of 400,000 years, 600,000 years, and one 
million years were newly found as actual cycles of climatic changes, as it suggests the 
existence of special amplification action like feedback between the changes in the insolation 
amount and the climate. 
The change in the radiant energy (in summer), which reaches latitude 67 degrees north 
caused by these periodic changes, has been 400-500m W/m2 during the past several million 
years and its fluctuation band is about maximum 20%.  The record of climatic changes of 
lake bottom sediment layer in Baikal, which is estimated by the change in the measurement 
value such as grain diameter and magnetic rate, is far complicated in comparison with the 
periodic change of the amount of radiation.  (Figure 6, Kashiwaya, private letter in 2001)  
Specially, a big and sudden climatic change (climatic jump) is caused by a mechanism which 
contains some feedback.  It is considered that various amplification and inhibitory effects, 
(such as atmospheric greenhouse gas and vegetation on land, removal effects of atmospheric 
carbon dioxide with the weathering, change in ground level reflectance (albedo) with scaling 
of the glacier and the desert, and the ocean current) work multiply and make a complex 
climatic change pattern.  Therefore, Lake Baikal where various change patterns are being 
recorded abundantly and repeatedly through the long history is important.  As the 
investigation of that mechanism is a future subject, various measurement values are rapid in 
answering to climatic changes as a character of the record of the ground, in comparison with 
the ocean.  The analysis of the frequency and mechanism in appearance of a temperature 
change, which is rather small in a short term but rapid such as the occurrence of the cold 
weather damage which brought a big famine, is expected to become possible, too. 
 
 
IV. Inorganic Chemistry 
 
With samples of sediment layers at the lake bottom measured so far, it was not cleared 
that the vertical distribution of the inorganic element was generally reflected by the climatic 
and environmental change.  In the sediment layer of Lake Baikal, however, the distribution 
of some inorganic elements (a ratio to aluminum), such as sodium, rubidium, magnesium, 
calcium, and strontium, remarkably changed before and behind the time when a continent ice 
sheet came to be formed about 2.7 million years ago, and it showed that there was a change 
reflected by the climatic and environmental change. (Figure 7)9)  This was confirmed by the 
results from different ways of measurement by the other groups.  These results suggested the 
possibility to estimate and reconstruct the climatic and environmental changes (temperature, 
the precipitation, weathering and the geographical change, etc.) from the distribution of 
inorganic element and mineral.  Generally temperature and the precipitation as well have 
been estimated from the creature information (for example, the amount of organic substance 
in the bottom mud, the kind of algae, the amount of pollen, and the change in species) so far.  
Therefore, this had the danger which fell into self-contradiction from the conditions that an 
influence on that biota is discussed by using the climatic and environmental change estimated 
from the creature information.  It was expected that insecure factors can be reduced 
drastically in discussing an influence on the biota by climatic and environmental changes if 
"the reconstruct of climatic and environmental changes which is highly independent of the 
creature information" could be done by using the measurement of the inorganic element. 
In the recent measurement of highish resolution, it was showed that the ratio of sodium 
and calcium to aluminum ([Na]/[Al] and [Ca]/[Al]) hardly change in the process of the 
climatic change from the final glacial period to the present interglacial period, and it becomes 
clear that the content of the alkaline metal and the alkaline-earth metal has low sensitivity as 
an index of the climatic changes.  It is possibly because the dryness climatic zone spreads 
out around Lake Baikal for a prolonged period and the accumulation ratio of the high basic 
mineral like yellow sand increased by wind that the ratio of alkaline metal and the 
alkaline-earth metal to aluminum increased after 2.7 million years ago when 
glacial-interglacial cycle began.11)
Some elements show the remarkable change, which is considered to reflect the 
environmental change obviously, not being caused by the dilution of algae   One group 
includes the elements such as manganese and iron, which are accumulated, reduced by the 
influence of microorganism, remelted, then moved due to the diffusion, oxidized chemically 
on the surface containing oxygen, and fixed again.  In the graph of the content of such 
elements, the strong peak appeared in places.  They sometimes become a dark-brown hard 
shell.  Another group includes the elements such as uranium, arsenic, sulfur and selenium, 
which are fixed again by producing sulfide in a strong state of reduction3).  These are 
sometimes appears as a sharp peak in the samples, too.  These elements may include a 
segment reflecting environmental conditions independently of the biological activity, because 
the weathering and dissolution of the rock and the soil, which becomes their origin, are 
promoted greatly by the organic acid and carbon dioxide caused in the resolution of organic 
remains, and entails a chemical response even if reprecipitation.  In other words, there is 
every possibility to become an index such as temperature.  In the future, if the climatic and 
environmental changes will be newly reconstructed by using a result of an analysis of a 
mineral formed in diagenetic process, it will play a very important role.   
In the ocean, isotope concentration happens along with the evaporation and formation of 
the ice sheets, and then oxygen isotopic ratio (18O/16O) and hydrogen isotopic ratio (D/H) in 
the seawater increases.  The reconstruct of the history of the climatic change, which was 
independent of the creature information, was done by using oxygen isotopic ratio of the shell 
of the foraminifer in the ocean bottom sediment layer.  In Lake Baikal, however, oxygen 
isotopic ratio cannot be used for the index of climatic changes.  Because, most of water 
flowed into Baikal is rain and snow caused by seawater evaporation and it does not reflect 
directly climatic changes in Lake Baikal area.  Moreover, time varying reflection is disturbed 
as the water flows into the lake through the glacier and ground water. 
 
 
V. Biomarker (Creature Iindex Compound) 
 
The compound useful as an index of the origin, movement, circulation, change, 
maturation, and geothermal energy, of the organic matter on earth, peculiar to the species, is 
called biomarker (creature index compound).  An organic compound in the bottom mud is 
almost biologic origin.  Many organic compounds with its content of about maximum 
0.1ppm are accurately measured due to the progress of the recent analysis technology.  These 
compounds are the precious paleontological source of information called chemical fossil, as 
they leave information about the origin creature even if they are resolved to a certain extent 
under the condition that microfossil such as algae and pollen disintegrate by the heat and the 
pressure in the deep part of the sediment layer  
Total organic carbon content (TOC) is one of the most common indexes of climatic and 
environmental change because it can be considered to reflect the amount of biological 
production of each age. 
Because TOC/TN (total nitrogen) ratio is big in the vascular plant and small in the 
phytoplankton, the ratio of native organic matter to nonnative is estimated.  TOC 
concentration has showed a decrease tendency from the past 12 millions years ago to the 
present, and it shows that cooling has been proceeding.  Moreover, TOC concentration is 
high 9.8~6.2, 5.5~5.1, 4.3~2.8, 2~1.5 million years ago and it is concluded that these terms 
correspond to warm periods.  On the other hand, after 6~5.6, 2.8~2.2, 1.4 million years ago, 
it is estimated TOC concentration was low and cold except the peak of about half-million 
years ago. (Figure 8)  After 2.5 million years ago, TOC concentration correspond very well 
to the increase and decrease of algae shown by the number of shells (Figure 9-a, Grachev, 
private letter in 1997)  A change in sterile chlorine ester of chlorophyll-b origin showed that 
phytoplankton except for algae increased about 2.4 million years ago, then toward 1.3 million 
years ago, it decreased with the increase of algae (Figure 9-b) 12)   It was considered that the 
amounts of phytoplankton dramatically decreased for a while after continent ice sheet came to 
be formed by the rapid cooling of 2.8~2.7 million years ago, and phytoplankton except for 
algae increased rapidly and gradually replaced with algae.  As it was estimated that there 
was the severest cooling 1~0.9 million years ago and 0.4 million years ago from the TOC 
concentration, the amount of algae also dramatically decreased in this time, in comparison 
with before and behind that time.  Also, it was because cooling of a little fast proceeded 
from 1.5 million years ago and the unprecedented coldness continued that the six genus of 
trees that had adapted to warmer climates and its subgenus died out by a million years ago 
around 7).   
 
 
VI. Land vegetation 
 
The change of land vegetation (the level of genus) is explained by the pollen analysis of 
the enormous quantity.  Please refer to the article written by Hase in this feature (pp. 89-103) 
as it mentioned in detail.  As the existence ratio of genus of trees that had adapted to warmer 
climates leveled down with the cooling proceeded in the time flow for 12 million year and it 
was reaching the present climax of taiga and repeating the changes corresponded to short 
climatic changes of various periods, it is particularly notable that, ① the alternation of the 
woods time and the desert time, when the herb and lichen were subjective, observed at least 
56 times since about 5 million years ago, desertification was occurred 5.0~3.5 million years 
ago when it was considered that warm climate continued as these days it corresponds to the 
glacial-interglacial cycle, it was not seen in the age before 5 million years ago, ② the 
appearance of new genus (evolution and importation) was not seen though there existed the 
long time of 1.2 million years and the big climatic changes from the warm term to the ice 
term, ③ as it was cleared that six genus of trees that had adapted to warmer climate and its 
subgenus died out a million years ago around, the continent ice sheet came to be formed in the 
Northern Hemisphere 2.7 million years ago and this also occurred after passing more than 1.5 
million years since the beginning of glacial-interglacial cycle.  What kind of change, 
occurred around a million years ago and drove these genus of trees having endured the 
repetition of glacial-interglacial period into the extinction?  What kind of the mechanism and 
its limit supporting cold stress resistance of this genus of trees?  As the cooling generally 
entails dryness and high salination, the difference in stress resistance of the plant to these is 
important to understand the change of land vegetation.  It is a future new subject to answer 
these questions. 
While the change of the long-term land vegetation observed here suggested that the 
resistance to the creature's environmental stress was very strong, there were surprisingly few 
opportunities that new seed was born and adjusted to the environment, even in Baikal area 
covered with the rich conifer forest in subarctic zone (taiga). 
 
 
VII. The microfossil analysis such as algae and the changes of the biota inside the lake 
 
In such microfossil analysis as algae and pollen, creature's rise and fall and changes in 
species formation, and so on, can be discussed by the information which becomes clear 
evidence.13)  Because the algae are different in every species and its form and size are varied, 
it is high-precision information, which enables to discuss creature’s rise and fall in the level of 
species.  After 2.7 million years ago when the glacial-interglacial cycle began, the fine 
structure of the lake bottom sediment layer of Baikal consists in the way that the layer of cold 
period, which consists mainly of mineral element such as clay, and the layer of warm period, 
which includes a lot of algae and organic matter, piles up alternately, and the structure reflects 
gravity, granulometry, moisture content, magnetic ratio, X-ray transmission ratio, and the 
content of various elements.  Though the creature inside the lake that leaves microfossil is 
limited very much, the content of algae measured as creature source silicon in the bottom mud 
change in the ranges of a few percentage points ~ 50 %.12)
Prior to the result of algae counting of BDP-96 core collected in Academician Ridge in 
1996 (Figure 9-a), in the past several hundred thousand years in Lake Baikal, it had been 
noticed that various species of algae appeared and disappeared in the period of 2-300,000 
years.  It was indicated by the measurement of the core of BDP-96 that this became 
remarkable about 2.7 million years ago when the ice sheets came to be formed in the Northern 
Hemisphere (Figure 10) 13) 
Also, as the grain diameter distribution of algae indicated a peak (central grain diameter), 
some time after glacial-interglacial cycle began, it was separated into two big peaks, and it 
keeps as it is until today.  (Figure 8; Minoura, etc. private letter in 2001)  As for its quantity, 
right after glacial-interglacial cycle began with a little rapid cooling about 2.8~2.7 million 
years ago, once there was a sudden decrease of algae, it increased toward one million years 
ago.  Then it decreased remarkably again because of severe cooling about one million years 
ago, and, through the maximum term for 0.9~0.5 million years ago, its peak lasted until 0.4 
million years ago.  It decreased remarkably 0.4 million years ago and keeps as it is until 
today.  The evolution of the high frequency is going on irrespective of such a quantitative 
change, and it hasn't been completed yet.  It is a very interesting phenomenon if evolution of 
the high frequency of algae and very short-lived life of species evolve little by little toward 
the goal which it cannot reach in one step in order to adapt itself to severe cooling of the 
glacial period.  It is because the oldest fossil of algae is about 180 million years ago (the 
Jurassic period) and it is thought that the algae appeared in the comparatively new age among 
the all kinds or algae, and its ancestor kind didn't experience the glacial period which finished 
about 220 million years ago.  It is interesting subject to compare with the evolution of algae 
in the polar band and alpine lake where the climatic and environmental condition is more 
severe than Lake Baikal. 
This result is very interesting because the change in the land plant shown with a pollen 
analysis is contrast to lack of appearance of new genes, as there was a decrease in variety by 




VIII. The Unique Role of Lake Baikal, Which Supports the Development of Environmental 
Science in Twenty First Century 
 
For ten years from 1991 until 2000 (the first stage), we tackled Lake Baikal, a target with 
little preliminary knowledge, with the aim of making our research develop, from the climate 
change analysis by using the ice core and the ocean bottom core, to the environmental change 
analysis including transition of biota by using lake sediment layer sample.  We also aimed to 
introduce a time shaft in the environmental science.  The matter that a time shaft was 
brought in the environmental science, too, was made a goal. 
In northeastern area of Eurasia as represented by Lake Baikal area, the history of main 
climatic and environmental changes in the past 12 million years is cooling.  A tendency on 
the whole and a big period well correspond to the result of a long-term climatic change of the 
earth, which has been cleared so far from the analysis of the ice core and the ocean bottom 
core.  Specially, it caused the big change including evolution and extinction of the biota, 
inside and outside of the lake that there was a little rapid cooling 3~2.7 million years ago and 
an ice sheet came to be formed in the Northern Hemisphere after 2.7 million years ago. 
Now, early in the twenty first century, the main environmental problems are almost 
recognized and some important subjects of basic science appear.  As some of these can be 
cleared only through Lake Baikal, the research field having rare conditions, some of the main 
scientific goals of second stage of Lake Baikal research become clear, those are: 
① The scientific elucidation of "the meaning of the variety of the species". 
As for the importance of the variety preservation of the ecosystem and species, it is 
widely, strongly recognized on a global basis and considered definitely as one of the main 
subjects of the global environmental problems, and the efforts for that are being made 
tenaciously.  Nevertheless, as for "the meaning of the variety of the species", it doesn't 
exceed the intuitive level, and some trials of explaining “meaning” does not get a definite 
answer, let alone the future outlook.  For such present conditions of science, the argument 
about the variety preservation of the ecosystem and species does not become quantitative, and 
it is impossible to restrain effectively the forest decrease and the procession of the extinction 
of species in spite of many efforts. 
 
"The meaning of the variety preservation of the ecosystem and species" is thought to be 
"if the number of species increases, the stability of biocenosis increases (Elton's proposition)."  
If we try to prove this scientifically, however, there is a problem that it doesn't get used to the 
verification in the simplified experiment, as creature’s environmental adaptability is large and 
long-term observation remarkably exceeding a big environmental change and mankind's life 
is necessary.  The almost only method to be able to break this barrier is precise and 
comprehensive analysis of paleoenvironmental changes.  Lake Baikal has the best condition 
as a research field in the world.  This is to make clearer the understanding about the existent 
ecosystem in the chronological changing process and the possibility and limitation of the 
creature's existence strategy, which is the end desired. 
In the analysis until about 12 million years ago so far, the appearance (evolution and 
importation) of the new species wasn't seen in the land plant though there were long time and 
cooling which was big environmental changes.  Rather, the evolution of the high frequency 
was seen in the lake where the environmental change was thought to be comparatively mild 
(algae, shrimp, others) and in aggraded bacteria. 
Was there any opportunity of the evolution in vegetation including higher plant through 
the history of Lake Baikal?  If there was, in what time and in what kind of environment was 
it possible to evolve the species?  As for climatic change of the earth, it is known that the 
cooling has proceeded through all the history of Lake Baikal of 30 million years14), and the 
presence or absence of the possibility of the land plant evolution in the cooling process is the 
important and interesting subject. 
 
② The mechanism elucidation of climate jump 
It has been found out that the climate shows the various-sized changes of the various 
periods using the change of amount of insolation as driving force, by creating complex and 
entangled such elements as (1) the amount of light received due to the orbital element of the 
earth (the inclination of the rotation shaft, precession movement, eccentricity of orbital path), 
(2) the change in ground level reflectance (albedo)due to the increase and decrease of the ice, 
desert, and the woods, (3) the mechanism of changing radiation amount such as greenhouse 
effect, (4) the change of conditions of the thermal storage and the energy transfer such as the 
arrangement of the continents, the ocean current, and the atmospheric circulation, and other 
many elements.  As the elucidation of the change of mechanism has been proceeded mainly 
through the model calculation, even if the model itself is the basic information, it is necessary 
to know what kind of climatic changes occurred actually in the process of the long history and 
how its mechanism was.  For example, the subject is raised that we expect what kind of 
climatic changes will occur when a release of artificial carbon dioxide decreases markedly 
due to the exhaustion of the fossil fuel about thirty years from now.   
 
③ Preparation for the unification measurement to analyze paleoenvironmental changes 
Another important characteristic of the continuous long-term record of Lake Baikal is 
that the events of the big environmental changes on the earth are almost recorded.  By 
analyzing to which event the changes of various measurement results corresponds and 
deciding the accurate era of sediment layer recorded that event, the order of main events of 
environmental changes and time interval are clearly showed on one belt of lake bottom 
sediment layer of Baikal.  By this, the unification measurement with high reliability is 
prepared in the future works to investigate globally what kind of changes (influences) appears 
following what kind of environmental change. 
 
④ Material recycling and evolution 
The material recycling is greatly concerned with the increase and decrease, and the 
evolution and extinction of creatures including the various nutrient salts and the supply of the 
essential element.  Moreover, the creature itself has a great influence on the material 
recycling such as the secretion product, the dissolution promotion of mineral due to 
decomposition product, separation and accumulation, and a change in the biota due to the 
environmental changes greatly transforms the conditions of the material recycling.  The form 
and quantity of the material supplied to the lake are greatly influenced by the condition of the 
material recycling of the land.  Though the information arranging such ideas has been gained 
as generality and as each specific example, it is very rare that the frequency of the evolution 
of algae increased at the same time as glacial-interglacial cycle by cooling, and the life span 
of species became short, as seen this time in Lake Baikal, and that very clear changes which 
has been measured repeatedly for the long term is still observed in the form of ongoing at 
present.   
Also, because the process of material recycling such as the precipitation formation in the 
lake, the accumulation, and diagenesis, includes abiotic thermodynamic process, the 
reproduction of independent climatic changes from the creature information can be expected 
by analyzing movement of inorganic element which reflects climatic changes, and dissolution, 
movement, precipitation of mineral, and generation process of secondary mineral. 
It is important when discussing an influence on the biota by climatic and environmental 
changes. 
In all cases, these are fundamental and important subjects, which are considered that the 
realizable possibility is the highest by the synthetic research concentrating on the 
paleoenvironmental change analysis at the characteristic field of Lake Baikal. 
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Figure 3 Geographic pattern of the change in maximum summer temperature 





Figure 4 Temporal change in the mean of whole grain size (broken line) and 
filtered curve (solid line) (upper) and insolation fluctuation in lat. 67゜N 
summer (lower) 
 
 Figure 5 Depth profiles of alkali and alkali earth element / aluminum ratios in 
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Figure 7 a) Depth profiles of diatom abundance in BDP-96 core. b) Depth 
profiles of steryl chlorine esters (SCEs) and steryl chlorine esters 






Figure 8 Depth age profiles of polarity boundary of geomagnetic events, 

























Figure 10. Photo of typical succulent plant, a vestige of arid climate
 
 
 
 
 
 
 
